Abstract It is the responsibility of the medical SpeechLanguage Pathologist (SLP) who performs video-assisted fluoroscopy of swallowing (VFSS) to be aware of guidelines, recommendations, and preventive measures to reduce radiation to oneself and the patient. Established parameters to reduce radiation during videofluoroscopy include keeping the exposure time brief, using lead aprons and other shielding, and maximizing the distance from the source of radiation. The purpose of this study was to measure radiation exposure to SLPs in the clinical setting and to provide practical recommendations to keep radiation exposure as low as reasonably achievable. Our study measured radiation exposure to six SLPs practicing in an acute-care university hospital. We monitored the radiation received during 130 examinations, 102 of which were of the pharynx only and the other 28 included pharynx and intrathoracic viscera. Individual times were documented, and average doses per exam were calculated from dosimetry badges worn on the lead apron of the SLP doing inpatient exams. Average fluoroscopy time per procedure was 165 s. Average radiation to the dosimeter worn on the front of the lead apron at chest level was 0.15 mR (0.0015 mGy) per procedure. SLPs stood behind the lead shield during fluoroscopy when feasible. Our measurements document the practical importance of reducing radiation exposure to health-care personnel by increasing the distance from the source of radiation and by shielding. While recommendations are not new, details of the findings may help guide and reinforce good radiation safety practice.
Videofluoroscopy is widely used for the evaluation of dysphagia [1] [2] [3] [4] [5] [6] [7] [8] [9] . Standard protocol includes visualization of the oropharynx in the lateral and anterior-posterior planes and occasionally the oblique plane. For many studies, additional examination of the esophageal phase is warranted and may lengthen time and exposure to radiation.
As the scope of practice of Speech-Language Pathologists (SLPs) continues to evolve, so does the need for education on medical procedures and precautions. Because ionizing radiation is an invisible energy source, its potential for harm may be underestimated by practitioners. Education on radiation safety is not standard in advanced graduate programs for Speech Pathology and it is the responsibility of the medical SLP to be aware of guidelines, recommendations, and preventive measures to reduce radiation to oneself and the patient [4, [10] [11] [12] [13] .
Knowledge of radiation safety with regard to the patient and the practitioner is discussed in the ASHA Guidelines for Speech-Language Pathologists Performing Videofluoroscopic Swallowing Studies (VFSS) (2004) [4] . The guidelines also stress the importance of appropriate patient selection and efficiency during the procedure. However, there are limited quantitative data on the amount of radiation received by SLPs during clinical VFSS exams.
Established parameters to reduce exposure to radiation during fluoroscopy are well-documented and include time, distance, and shielding [4, 12, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The typical fluoroscopic time for VFSS procedures runs between 30 s and 8 min [24, 25] . When distance from the source of radiation is doubled, the exposure to the practitioner is decreased by one-fourth. Shielding/protection of tissue include the use of lead aprons, thyroid shields [26, 27] , thick lead-lined gloves, leaded glasses, and lead shields. Use of dosimetry devices worn at the collar and finger are available and recommended to monitor exposure.
Other studies assessing radiation received by SLPs found an average of 0.5 mSv equivalent dose per procedure [28] and 0.017, 0.003, and 0 mGy per procedure [24] in three different sites.
Because the details of SLP participation in videofluoroscopy vary and our fluoroscopic equipment is remotely controlled, we wanted to directly measure the radiation received by SLPs in this environment, with the use of a radiation shield. Our study measured radiation exposure to six SLPs practicing in an acute-care university hospital. We provide practical recommendations for the medical SLP to improve radiation safety guidelines for staff and for the radiologists working with the SLP.
Radiation effects can include cellular changes causing erythema, pain, and inflammation of tissue. If the severity of the inflammation is great enough, there can be permanent scarring of tissue as the body tries to heal the area of inflammation. Cancer has been documented in cases of excessive radiation exposure [29] . In addition, congenital anomalies to the fetus are a risk of high radiation exposure [29] . Many early radiologists did not understand the risks of radiation and suffered direct injury.
Materials and Methods
This project was approved by The Johns Hopkins Medicine Institutional Review Board (IRB). Patient consent was not required. Oral consent, using language prepared by the IRB, was required from the SLPs. Use of finger dosimeters was not approved by the IRB.
Radiation Measurement
Radiation doses to the SLP were studied over a period of two consecutive months. Videofluoroscopic studies were completed by six separate SLPs (ranging from 1 to 15 years of experience) and three separate radiologists (each with more than 25 years of experience). A radiation dosimeter was kept in the Radiology Department and transferred directly to the front of the SLP's lead apron prior to each exam at the chest level. After the exam, the dosimeter [MGP Instruments (Synodys, Smyrna, GA) DMC 200 XB] reading and fluoroscopic time were documented. During the 2-month period of the study, the SLPs continued wearing individual thermoluminescent dosimeters (Landauer, Glenwood, IL) attached to the collar outside of the lead apron.
In response to a reviewer's inquiry, radiation to the patient side of the shield was measured. This was done using the same dosimeter worn earlier by the SLPs. Measurements were done for 37 exams of the pharynx and 26 exams of the pharynx and esophagus.
Patients
Exams were completed on adult inpatients who were scheduled by the SLPs for videofluoroscopy. They all were over the age of 21 and had various diagnoses (Table 1) .
Equipment
Exams were done with a Siemens Polystar (Siemens Medical Systems, Malvern, PA) remote control fluoroscopic system. The control module is on a floor-mounted stand typically placed between 5 and 6 ft from the patients. The X-ray tube is on the patient side of the table and the image intensifier is ''under'' the table; that is, not on the patient side. The collimator used to limit X-ray beam size had 0.1-mm additional copper filtration in addition to the standard filtration. A 12:1 grid was fixed to the entry side of the image intensifier for all exams. Collimation was adjusted by the radiologist as appropriate for the patient's anatomy. Typical fluoroscopic kVp and mA values are given in Table 2 .
VFSS Protocol
Protocol included frontal and lateral preliminary electronic ''spot images'' taken with use of the image intensifier. For pharynx exams, the patient was turned in a lateral projection, usually while sitting in a Hausted (Steris Corp., Mentor, OH) chair or Transmotion (Transmotion Medical, Sharon Center, OH) chair designed for swallowing exams. Evaluation of oropharyngeal and laryngeal structures during phonation was done followed by assessment of swallowing with use of various bolus consistencies (type of contrast material and amount dependent on individual study). Electronic spot images were taken during the procedure when warranted. Video recording was done of the entire exam at a frame rate of 30 frames per second on super-VHS tape. For examinations that included the esophagus, the sequence was somewhat different. Patients stood on the platform attached to the fluoroscopic table. Prelimary electronic imaging of the chest was included as well as the electronic images of the neck in frontal and lateral positions. The initial fluoroscopic observation was either of the pharynx area or of the esophagus, depending on the clinical indication. Assessment of the esophagus usually involved evaluation with the table in a partially upright or horizontal position as well as a fully upright position.
A movable floor-mounted lead acrylic radiation shield was used in the room, and the SLP stepped behind this shield during fluoroscopy when feasible (Figs. 1-3) .
Results
Background radiation in the Adult Radiology area was measured over a 2-month period with the MGP dosimeter. Radiation averaged 0.15 mR (0.0015 mGy) a day, with no unusual highs or lows. This extrapolates to 55 mR (0.55 mGy) per year (0.15 9 365 days = 55). Estimates of normal background radiation, including radiation from the sun and other naturally occurring radioactive materials, range from approximately 60 mR (0.6 mGy) to 130 mR (1.3 mGy) [16, 29] . We do not believe that background radiation levels materially affected the radiation levels received during the procedures.
We elected to look at the two categories of pharynx-only and pharynx ? esophagus to see if there were differences in either the time of procedure or the level of radiation received by the SLPs. As the data show, there were statistically significant differences, but there is sufficient overlap in the results that discussion is warranted ( Table 3 ). The total number of exams, 130, would project to approximately 780 exams per year. It may be noted that this is about 45% of the total number of video-assisted fluoroscopic exams of the pharynx and/or esophagus done in the Department of Radiology on an annual basis. Of this total of 130 exams, 102 (78%) were of the pharynx only. Pharynx exams were done with the patient in the lateral position for most swallowing sequences, with a brief frontal exam for one swallow or to assess vocal cord movement. Twentyeight cases (22%) involved the esophagus as well as the pharynx. These were varied, but usually (19 cases) in postoperative patients following esophagectomy. The mean fluoroscopic time for all exams was 165 s (2 min, 45 ± 74 s). The mean fluoroscopy time of pharynx-only exams was 156 s (2 min, 36 ± 70 s). The mean time for pharynx ? esophagus exams was 198 s (3 min, 18 ± 78 s). This is a similar length of fluoroscopic time compared with those of several reports in the literature [19, 23, 25] .
Radiation measurement on the direct-read dosimeter worn by the SLP on the outside of the lead apron averaged for all exams (130) was 0.15 mR (0.0015 mGy) per exam (0.05 mR/min). For pharynx-only exams, the average was 0.12 mR (0.0012 mGy) per exam (0.05 mR/min). For exams of the pharynx ? esophagus, the average per exam was 0.27 mR (0.0027 mGy) (0.08 mR/min). It is emphasized that this was the exposure outside of the lead apron, and the wearer would receive only 10-20% of this in the area covered by the lead apron. The difference in exposure per minute of fluoroscopy time between the pharynx and pharynx ? esophagus exam is consistent with the increase in radiation required to fluoroscope the thorax, with a resultant increase in scattered radiation. It is noted that if the SLP was able to be behind the lead acrylic shield for the entire fluoroscopic time, the dosimeter reading was zero, whether the exam was of the pharynx only of or pharynx and esophagus. The typical position of the SLP was approximately 5 ft from the patient, whether he/she was entirely protected by the shield or adjacent to the shield. For a few patients, feeding was done by the SLP and fluoroscopy was immediately activated to catch the swallow. This usually occurred when the patient could not follow the request to ''wait until instructed to swallow.'' Individual times and average dose per exam were calculated for each of the six SLPs doing inpatient exams during the time of assessment. There was variation in type of patient and in the proportion of pharynx-only and pharynx ? esophagus exams, in accordance with SLP coverage assignments (Tables 4 and 5) .
Although the average radiation received by the SLP per case is quite low, Table 4 demonstrates that there was a range. Assumptions regarding the ''average'' cannot be generalized to a specific case. The range of radiation related to individual patient circumstances must be kept in mind. Note the ''outliers'' from Table 3 .
Measurements recorded on the patient side of the shield in the follow-up study were for 37 exams of the pharynx, 
Discussion
The results of our measurements reaffirmed the known principle of reducing radiation exposure to health-care personnel through the distance from the source of radiation and through shielding. In the great majority of exams, it was possible for the SLP to be at least 5 ft from the source of primary radiation (the X-ray tube) and the source of scattered radiation (the patient).
The effectiveness of a shield was confirmed by readings of zero when there was complete use of a lead acrylic shield in the room, and readings above zero when a portion of the exam was conducted with the SLP either not behind the shield or incompletely behind the shield. Dosimeter readings on the patient side of the shield averaged The room used for these exams is a form of a ''remote control system'' (Fig. 1) as noted in Material and Methods. These rooms have the X-ray tube closer to personnel than in a conventional fluoroscopic room, so the additional shielding we use is more important than in a conventional fluoroscopic room. In a conventional fluoroscopic room (Fig. 3) , the benefits of the separate shield can be achieved by the SLP moving to the image intensifier side, behind the radiologist, during fluoroscopy rather than simply increasing the distance between the SLP and the patient by stepping away. When the SLP both steps away and behind the radiologist, both distance and shielding decreases the scattered radiation received by the SLP. Figure 4 shows the radiation scatter pattern from a fluoroscopic system. With respect to time, the radiation, on average, increased with the time of the exam. However, the benefits of short fluoroscopy times could be negated if shielding were not used or if the SLP remained close to the patient. A major impact on the level of radiation measured was the thickness of the body part being irradiated. This causes a double effect on radiation, since more radiation is required to image the chest than the pharynx, and with more radiation to the patient there is more scattered radiation produced [30] . This is indicated by the data for the pharynx ? esophagus exams. Indication of the increased scatter for exams of the thorax is that the radiation of the patient side of the shield is more than twice that of pharynx-only exams.
The radiation received by the dosimeter worn by the SLP per case averaged 0.15 mR/exam (0.0015 mGy). Assuming 780 exams per year (130 exams in 2 months times 6), the total radiation received by the patient-side surface of the lead apron would be 780 9 0.15 = 117 mR (1.17 mGy). Therefore, if one SLP did all 780 exams, she would receive exposure to her face of 117 mR. The allowable occupational exposure is 5000 mR (0.05 Gy) per year [29] . Thus, the 117 mR would be 2.3% of the annual ''allowable'' radiation to the whole body. Without the shield, the measurement to the dosimeter worn on the SLP apron would be at least 10 times greater, although still less than the annual ''allowable'' dose. The amount received by the SLP's thyroid gland, assuming consistent wearing of the thyroid shield, would be between 1/10 and 1/20 of this [12] . It may be noted as a reminder that 117 mR is close to some of the figures for regular background radiation [16] .
On average, radiation received was quite low; however, there were some examinations where the amount of radiation was almost 20 times the average. This reinforces the importance of carefully following good technique. We would also emphasize that discussion of each examination by the SLP and radiologist prior to initiating the exam was very helpful in tailoring the exam to the specific patient and keeping fluoroscopy times brief.
Recommendations
The radiologist should use appropriate collimation, use the fluoroscope for as brief a time as appropriate, use modern, well-calibrated equipment, be alert to opportunities to remove the grid and to use pulsed radiation, and ensure that routine quality control is performed to monitor image quality and radiation.
The Speech-Language Pathologist should select patients carefully, keeping in mind patient size/weight, cognitive status, and ability to self-feed; wear protective gear, including thyroid shield and regular lead apron; minimize the time spent close to the patient with fluoroscopy activated; use distance and extra shielding as noted above. Be aware of where to stand (Fig. 4) ; collaborate with the radiologist prior to the exam to discuss indications, relevant medical conditions, and the goal of the exam; recognize potential highradiation situations prospectively and take special measures to keep radiation as low as possible. These special situations include (1) unusually large patients [30] , (2) patients who are uncooperative, and (3) patients with uncontrollable movements. For these patients, there may be extra measures to limit consistencies of contrast material to decrease fluoroscopy time, use of fluoroscopy guided by observation of the patient's neck movements to initiate swallowing, pulsed fluoroscopy, and being particularly careful to use shielding.
